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Little is known  concerning the  chemical changes occurring in  bile 
which lead to the formation of calculi, even though the problem of gall 
stone formation has  attracted  a  great  deal  of attention over a  long 
period.  This absence of knowledge is especially evident with respect 
to  the  acid-base  equilibrium  of  the  b~le.  The  suggestion  has  been 
made repeatedly that the concentration of hydrogen ions may be one 
of the  factors which  governs  the  solubility of calcium  and  the  bile 
pigments.  In addition, some evidence exists that the solubility of the 
cholesterol is influenced by the reaction of the bile. 
Of the few researches that have dealt with the hydrogen ion concentration of 
bile, only those of Dmry, McMaster and Rous (1) and of Stem (2) have con- 
sidered its  possible  effect upon  gall stone formation.  The work of the former 
confirmed the observations of Okada (3) and of Nellson and Meyer (4) that bile 
from the gall bladders of animals was more acid than bile which had been freshly 
secreted by the liver.  They found similar  differences in human specimens,  and 
observed further that  the acidity of dog bile increased  progressively with the 
time of its stay in the gall bladder.  A study of the calcium concentration showed 
that it rose and fell with the hydrogen ion concentration and that calcium  car- 
bonate and cholesterol were precipitated from alkaline bile,  whereas  acidification 
prevented the precipitation.  Neilson and Meyer had previously found that the 
diseased gall bladder of the rabbit was unable to change the reaction or the con° 
centration of the bile.  On the basis  of these observations, Dmry, McMaster 
and Rous suggested  that one of the functions of the gall bladder was to acidify 
the bile and in this way increase its solvent power for calcium and perhaps cho- 
lesterol.  Failure of the gall bladder to function in making the bile more acid, 
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particularly while it is being concentrated, presumably would be followed by pre- 
cipitation and possibly by calculus formation.  Recently Drury and Rous  (5) 
attempted to test this hypothesis experimentally by altering the gall bladders of 
dogs and rabbits so that the bile would not become more acid during its storage 
in  the gall bladder.  In one case gall stones formed, although  the experiment 
was complicated by bacterial infection.  The work of Stern  (2) is based on his 
study of cholesterol hydrosols.  It is his belief that gall stones are formed because 
of an abnormally increased hydrogen ion concentration in the bile; however, his 
attempts to form concretions by massive administrations of acid to dnimals were 
unsuccessful. 
Before either of the hypotheses just described is accepted more direct 
evidence is needed.  In our work, therefore, the hydrogen ion concen- 
tion of human bile has been studied in order to ascertain whether gall 
stones  are  associated  with  a  change  in  its  reaction.  In  connection 
with this study additional evidence was obtained relative to the action 
of the gall bladder in modifying the pH in the bile. 
Method. 
The specimens were aspirated from the gall bladder in situ at operation or im- 
mediately after its removal with the clamps left in position on the cystic dnct.~ 
A syringe was used for withdrawing the specimen.  Exposure to air with subse- 
quent loss of CO2 was avoided. 
Fistula  bile was  collected under  mineral oil,  care being  taken  to keep  the 
drainage tubes filled with bile and free from air bubbles.  It was ditP.cult to do 
this  and  several experiments were invalidated  because of changes in  the  bile 
brought about in this way.  Our experience in collecting bile from fistula~ suggests 
that  the more alkaline values commonly reported for fistula bile may be the 
result  of unsuspected losses  of CO2 within  the  drainage system.  The use  of 
mineral oil to prevent gas exchange was not satisfactory because the loss of CO2 
was not completely prevented, but no better method was available for making 
1 The preoperative treatment of the patients was the same in aU cases except 
one (noted below).  A light meal was given at 5 p.m. on the preceding day, follow- 
ing which the patient received no other food until after the operation.  An enema 
was given in the morning and was followed, 30 minutes before operation, by the 
usual injection of morphine and atropine sulfates.  All  of the operations were 
done in the morning, hence the collection of the bile had been preceded by 1S to 
19 hours of fasting. 
The only deviation from this procedure was made in a case of diabetes (Table 
II, Feb. 27,  1928) when glucose  and orange juice were given with  10 units  of 
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continuous collections  over many hours.  In a few instances  the  bile  was collected 
in sampling tubes over mercury.  By comparing these specimens  with some 
taken under oil,  the error  caused by the use  of  the latter  was determined and the 
corresponding correction  applied.  The maximum change was 0.005 pH per  hour 
of exposure to the mineral oil. The specimens from the gall  bladder were tested 
at  once and did not  need correction. 
The pH was  determined  by the  use  of  the  quinhydrone electrode. When enough 
material was available  the results  were checked by means of the hydrogen elec- 
trode.  The refill  technique described by Cullen (6) was used with the latter. 
Quinhydrone electrode  determinations were made by means of the apparatus and 
procedure described  by Meeker and Reinhold (7). Results by the two methods 
were  practically  identical. The average of  all  determinations by the quinhydrone 
electrode  was 0.015  pH less  than the average of  the  hydrogen electrode  determina- 
tions on the same specimens.  The maximum  differences  were -{-0.01  pH and 
-0.05 pH.  Some drift  of  the  potentials  occurred when the  quinhydrone electrode 
was used in  bile,  but at  a much slower  rate  than in the case  of similar  determina- 
tions in blood plasma.  Error from this source was overcome by reading the 
potential as quickly as possible  after  mixing the quinhydrone into the sample. 
It had been demonstrated previously that this  precaution eliminated the error 
due to drifting  when the method was used for plasma pH determinations. 
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The hydrogen ion concentration of human bile from the gall bladders 
of unobstructed, calculus-free biliary systems varied between pH 7.10 
and 7~30.  The figures are given in Table I.  There were no apparent 
pathological changes except that three of the gall, bladders showed ad- 
hesions.  Possibly it is significant that the bile from gall bladders with 
adhesions was Slightly more alkaline than the other specimens in this 
group.  Two of the gall bladders showing these changes were tested 
by the Graham method.  Both functioned normally, so far as ability 
to concentrate or evacuate the bile was concerned. 
No data for the hydrogen ion concentration of normal human gall 
bladder bile were discovered in the literature.  Labb6, De Moor and 
Nepveux (8)  determined the pH colorimetrically of diluted bile ob- 
tained by non-surgical drainage of the gall bladder  by means of the 
Meltzer-Lyon  technique.  Their  specimens varied  between  pH  6.6 
and 7.4.  Contamination by the contents of the duodenum was inevita- 
ble in samples collected in this way. 
The specimens from gall bladders in which calculi were present were 
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ducts.  The  data on  unobstructed biliary systems are presented in 
Table II.  With two exceptions the pH values were either above or be- 
low the normal limits established in Table I.  Four of the fifteen speci- 
mens were slightly more alkaline than the highest of the normal group, 
but a  fifth was 0.40 pH more alkaline.  Eight were more acid.  The 
differences measured from the lowest normal figure, were 0.01  pH to 
TABLE  I. 
The Reaction of Human Gall Bladder Bile in ttte Absence of Concretions 
or Obs'iruction. 
Date 
1927 
Apr. 20 
May 18 
Dec.  2 
1928 
Jan.  15 
Apr.  16 
23 
Number 
*10693 
12252 
12733 
13266 
13317 
Bile  pH 
37.5°C. 
57.19 
7.24 
7.10 
7.13 
7.22 
7.26 
7.31 
Culture 
Negative 
Negative 
Negative 
Negative 
Remarks 
Carcinoma of the stomach 
Adhesions around  gall bladder 
Gall  bladder  gave  normal  response 
to test of  function. Pericysti¢ 
adhesions 
Normal gall  bladder  function. Ad- 
hesions 
* Index number of the case history in the records of the University of Penn- 
sylvania Hospital. 
t Emptying and concentrating power of the gall bladder as determined by the 
Graham method. 
:~ The patients had fasted 15 to 19 hours.  The preoperative treatment was the 
same as in the cases with gall stones or obstruction. 
0.22  pH.  The direction or the size of the change in reaction was not 
related to the type of the stone found, nor were there any systematic 
or  consistent  differences which could  be  related to  the presence of 
calculi.  In view of the small number of specimens whichwereobtained 
from calculus-free gall bladders, some of the preceding probably repre- 
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TABLE  II. 
The Reaction of the Human Gall Bladder Bile When Concretions  Were Present and 
Obstruction Was Absent or Slight. 
1927 
:May 27  11106 7.42 
7.42 
Concretions 
Number  Type* 
+  Cholesterol 
pigment 
June 20  11155 7.32  ++  Cholesterol 
7.32  pigment 
Oct.  19  12236 6.88  24  Cholesterol 
6.92  pigment 
28  11999 6.94  8  Cholesterol 
pigment 
12051  7.26  20  Cholesterol 
7.33  pigment 
7.34 
Nov.  2 
14 
I 
12263  ~ 7.04"  1  Cholesterol 
7.06t  pigment 
Dec.  2  1226~ 6.97  +++  Cholesterol 
6.97 
19as  [ 
Jan,  15  12563 7.18  16  Cholesterol 
pigment 
i 
Feb.  27  13134 7.09  Cholesterol 
(crystals). 
No  pig- 
ment 
Culture 
Negative 
Staph. haemo- 
lyticus. 
Diphthe- 
roJds 
Negative 
Diphtheroids 
Staph.  albus 
non-hem- 
olytic 
Remarks 
Subacute  cholecystitis, 
Acute  pancreatitis, 
Gall bladder functio~ 
poor 
Chronic  interstitial 
cholecystitis.  Gall 
bladder  function 
normal 
Chronic  interstitial 
cholecystitls.  Choles- 
terol deposits on gall 
bladder wall 
Chronic  intersfitia 
cholecystitis.  Choles- 
terol  deposits.  Ad, 
hesions to duodenum 
Acute  hemorrhagic 
cholecystitis. 
Edema 
Acute  pancreatitls. 
Gall bladder normal 
Chronic  interstitial 
cholecystitis 
Cholesterol deposits  on 
gall  bladder  walls 
Function poor 
* The classification of calculi in this and other tables is made on the basis of 
physical appearance.  Chemical analyses were not made. 
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TABLE  II--Concluded. 
Concretions 
Date  Numbe~ Bne  pH  37,5"C. 
Number  Type 
1988 
Feb.  27  13034 7.00  40-5q  Cholesterol 
pigment 
Mar. 29  13044 6.99  +  Calcium pig- 
ment 
30  13261 7.07  11  Cholesterol 
June  6 
Apr.  22  1370~ 7.68  ++  Cholesterol 
7.70  pigment 
May 14  6.95 
6.96 
7.35 
++  Cholesterol 
+ 
Culture 
Negative 
Negative 
Hemolytic 
Staph. 
Gursw~$ 
Negative 
Negative 
Remarks 
Chronic  interstitial 
cholecystitis.  Gall 
bladder nearly full ot 
stones 
Gall bladder had normal 
appearance 
Subacute  interstitial 
cholecystitis.  Choles- 
terol  deposits in gall 
bladder 
Subacute  cholecysfifis 
Gall bladder apparently 
normal 
Chronic cholecystitis 
tected at operation, may have existed in others and must also be con- 
sidered in explaining these observations. 
In the presence of obstruction the acidity of the gall bladder contents 
was increased (Table III).  Complete obstruction of the common or 
cystic duct was  characterized by pH  values  near 6.40.  When  the 
obstruction was only partial  the pH  was  higher.  An exception oc- 
curred in a case of obstruction caused by a carcinoma of the head of the 
pancreas (Table III, July 8), in which the gall bladder wasalmost com- 
pletely atrophied.  The  specimen,  taken  from  the  greatly enlarged 
common  duct,  was  pigment-free.  Its  pH  was  7.30.  Apparently 
the obstructed bile was not acidified by the liver; otherwise in this 
instance the usual fall in pH would have occurred.  Instead it was 
dependent on the presence of the gall bladder and must have happened 
within the latter organ.  Neither was the increased acidity a  result 
of mechanical irritation by concretions in the gall bladder.  Table III TABLE  HI. 
Tke Reaction of Bile from tke Human Gall  Bladder Following Obstruction  of the 
Common or of the Cystic Ducts.* 
Bile  pH  Date  Number 37.5"C. 
1927 
June 27  11338 6.37 
6.40 
July  8  11291 7.30  0 
Concretions 
Number  Type 
3  Cholesterol 
pigment 
Nov.  8  12068 6.82  ~  Cholesterol 
6.83  pigment 
17  12126 6.44  +  Cholesterol 
pigment 
16  12344  6.77  40  Cholesterol 
6.79  pigment 
16  1213.5 6.70  -}-  Cholesterol 
pigment 
30  12257 6.79 
1928 
Feb.  22  12830 6.61 
2  Cholesterol 
Many 
crys- 
tals 
Culture 
Negative 
B.  coil com- 
munis 
Diphtheroids. 
Staph. 
albus 
Negative 
B.  coll  ~r~ 
munis 
Negative 
Remarks 
Pigment-free  "white 
bile."  Cystic  duct 
obstruction.  Acute 
cholecystitis 
Carcinoma  of  head  of 
pancreas.  GaLl  blad- 
der  atrophied. 
Specimen taken from 
cystic  duct.  Pig- 
ment-free 
Acute  cystic  duct  ob- 
struction.  Marked 
edema.  Specimen 
practically  colorless 
Chronic  cholecystitis. 
Complete  obstruction 
Specimen  was  colorless 
Subacute  interstitial 
cholecystitis.  Par- 
tial obstruction 
Nearly  complete  ob- 
struction.  Edema. 
Bile  contaminated 
slightly  with  pus 
Acute  cholecystitis 
Partial  edematous 
obstruction 
I  Soft  sedi-  B.  coti corn-  Chronic  and  acute 
ment.  munis  cholecystitis.  Thick. 
Cholesterol  ened  diseased  gall 
crystals,  bladder  with  adhe- 
pigment  sions.  Partial  o]> 
struction  of  cystic 
duct 
* Unless stated to the contrary the site  of  obstruction was in the common  duct. 
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TABLE  III--Concluded. 
Date 
1928 
Mar.  7 
23 
29 
Apr.  23 
June  4 
Number BilepB  37.5"C. 
13092  6.43 
13098  6.70 
6.60 
1357~  6.40 
Concretions 
Number  Type 
4  Cholesterol 
2  Cholesterol 
+  Tar-like  sedi- 
ment 
12  Cholesterol 
pigment 
6.87  36  Calcium pig- 
ment 
Culture 
Negative 
Negative 
B.  coli  com- 
munis 
Negative 
Remarks 
Chronic  interstitial 
cholecystitis.  Par- 
tial  cystic  duct  ob- 
struction.  Gan blad- 
der  walls  thickened. 
Adhesions.  Pale yel- 
low bile 
Acute  cholecystitis. 
Incomplete  obstruc- 
tion.  Bile  had light 
green color 
Carcinoma of papilla of 
Vater.  Nearly  com- 
plete  obstruction, 
Yellow  incrustation 
on gall bladder wall. 
Yellow bile, low pig- 
ment  concentration 
Complete obstruction oi 
cystic duct 
Partial  obstruction  ot 
cystic  duct.  Thick- 
ened gall bladder wa~ 
with lesions 
includes a case ~¢Iar. 29), in which the common duct was blocked by a 
carcinoma of the papila of Vater.  The gall bladder appeared to be 
normal and no concretion was present, although a  small amount of 
sediment had collected in the fundus.  The pH of this bile was 6.60, 
a  figure which corresponded well with those obtained when the same 
degree of obstruction had been brought about by gall stones. 
The result of the obstruction so far as change in the acidity of the bile 
was concerned, did not differ when the site of the obstruction was in the 
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sion of the contents of the gall bladder while interfering to  a  lesser 
extent with the flow of bile into the gall bladder.  As a  consequence 
the time during which the bile was  acted upon would be lengthened 
and changes in composition accentuated.  The higher acidity of the 
contents of the completely obstructed gall bladder, therefore, can be 
explained best as being a result of the prolonged exposure to the action 
of this organ.  These specimens were characterized by low concentra- 
tions  of  pigment  and  solids.  The  viscosity  was greatly increased. 
The acidification of the bile was not related to the presence of micro- 
organisms.  More than 50 per cent of the pathological specimens were 
sterile, yet gave results identical with those obtained  when  infected 
specimens were studied. 
Fistula Bile.--Additional evidence concerning the changes in  the 
reaction  of  human  bile  was  secured  by  collecting  simultaneously 
samples of bile from the gall bladder and from the common duct.  Bile 
from the gall bladder was obtained from a drainage tube inserted into 
the fundus.  Common duct bile was collected from a  common duct 
fistula3 
A sufficient number of specimens was obtained to show that after an 
initial period of recovery from the operation, the bile from the gall 
bladder was definitely more acid than that  from the common duct 
(Tables  IV and V).  Shortly after the operation the difference wa~ 
small or non-existent.  As the condition of the patient returned toward 
normal, the bile from the gall bladder remained at the same pH or 
increased slightly, while the pH of the common duct bile increased 
appreciably.  Finally when  a  light  general diet  had  been  resumed 
and recovery was well under way, the bile from the former was more 
acid than the latter by from 0.04 to 0.24 pH.  Because of the smaller 
output of the gall bladder fistulae  and the longer drainage tubes re- 
quired, the probability of error due to  loss of CO~ was greater for 
these specimens than for those from the common duct fistula.  Con- 
sequently such errors would diminish the difference  between the hydro- 
gen ion concentrations of the bile from the two sources and would tend 
to obscure the changes which had taken place. 
The collection of bile  was  made  under approximately sterile conditions. 
Together with the short intervals at which the specimens were collected this 
should have eliminated any significant error which might have been caused by 
bacterial action. TABLE  IV. 
The Reaction of Bile Collected Simultaneously from Common Duct and Gall Bladder 
Fistulae. 
Gall bladder bile  Common  duct bile  Di~.  l 
Date  lime 
!  Av. pH  Volume  pll  Volume  pEI  for24 hrs. 
1927  hrs.  c~.  3g°C.  ¢¢.  3g°C. 
NOV. 
16  6.78 
17-18  12t  145  6.86 
18  12  140  6,89 
pH 
*No 12340 
Liquid diet 
Night 
Day 
18-I9  12  130  6.90 
68  6.95  6.92  +0.03  19  12  117  6.95 
19-20  12  85  6.95 
65  6.96  7.05  --0.0~  20  12  146  7.11 
20-21  12  132  7.06  68  6.96  21  12  188  7.19 
I 
21-22  12  159  7.19 
12  85  7.00  219  7.27  22 
7.14  --0.18 
7.24  --0,24 
Soft diet 
22-23  12  7.08  85  7.26  7,23  --0.15  Drainage  tubes 
23  12  155  7.22  clamped  12  hrs. 
Plasma pH 7.39 
23-24  12  7.08  107  7.23  7.24  --0.16  Drainage  tubes 
24  I2  65  7.26  clamped 12 hrs. 
25  12  53  7.14  58  7.35  7,35  --0.21  Drainage  tubes 
25-26  12  45  7.35  clamped 12 hrs. 
Plasma pH 7.38 
28  ½  7.27  Before breakfast 
2½  7.43  After breakfast 
}  7.31  After preceding 
29  7.37  Before breakfast 
5  7.3~  After breakfast 
7.39  After preceding 
* See Table Ill, Nov. 16. 
t The specimens were collected over intervals varying between 2 and 6 hours. 
In order to save space and to make the data more accessible the results have been 
expressed in terms of 12 hour periods beginning  at 8 a.m. and 8 p.m.  The same 
applies to Table V. 
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The ingestion of a  test meal in one instance was followed by an 
alkaline tide in the bile during a 2½ hour period.  A similar experiment 
on the following day, in which the collection of the postprandial speci- 
men was extended over 5 hours, failed to show a  significant change. 
TABLE  V. 
The Reaction of Bile from Common Duct and Gall Bladder Fistulae. 
Date  Time 
krs. 
Gall bladder bile  Common  duct bile  Diff. 
Av. pH  pH  Volume  pH  Volume  pH  for 24 hr~ 
¢¢.  38°C.  ¢¢.  38°C. 
6.44 
12  60  6.83 
12  6.81 
12  215  7.01 
12  140  6.96 
12  11  6.94  155  6.97  7.00  --0.06 
12  139  7.03 
*No. 12126 
Day 
Night 
Liquid diet 
12  61  6.97  95  7.03  7.07  --0.IC  Soft diet 
12  150  7.10 
12  21  6,97  123  6.94  7.01  --0.04  Drainage  tube~ 
12  171  7.06  clamped 6 hrs. 
12  153  7.03  Plasma pH 7.34 
12  7.06 
12  6.98  75  7.06  --0.0~ 
* See Table III, November 17. 
The reaction of the common duct bile in the few comparisons  made was 
slightly more acid than that of the blood. 
DISCUSSION. 
Under certain conditions marked changes occurred in the hydrogen 
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it is apparent that these were not associated with the presence of con- 
cretions in  the  gall  bladder.  While  deviations from  the  "normal" 
reaction were observed in almost every instance when gall stones were 
present, it seemed improbable that these changes were of sufficient size 
to influence solubility relationships.  However, it was possible that the 
formation of calculi was caused by transitory changes in the acid-base 
balance of the bile or by a succession of such changes.  It would then 
be unlikely that more than a few of the specimens in Table II would 
vary  much from  the  normal  values.  Actually only  one  specimen 
showed a large difference, although six others differed from the lowest 
or highest normals by more than  0.10  pH.  The  acid character of 
several specimens of this group was probably the result of the same 
causes which increased the acidity of the bile during obstruction. 
The pronounced increase in the acidity of bile following obstruction 
of the ducts coincided with the observations made by Drury,  Mc- 
Master and Rous (1)  on the pH of the gall bladder bile of dogs in 
which  stasis  had  been  induced  experimentally.  Obstruction  in- 
creased the time during which the bile was exposed to the action of the 
gall bladder.  If the latter was able to acidify its contents, those speci- 
mens which had been exposed to its action for a long time would neces- 
sarily have become more acid than those which had been expelled with 
less delay.  Consequently complete obstruction was accompanied by 
the  greatest  acidification.  Several  additional  facts  supported  the 
conclusion that it was the gall bladder which brought about the change 
in the reaction of the bile.  Most conspicuous was the failure of the 
blliary system to  acidify the bile when the gall bladder was absent 
(atrophied).  Of even greater significance was the consistently higher 
hydrogen ion concentration in bile from a gall bladder fistulawhen com- 
pared with that from a common duct fistula, collected over the same 
time interval.  That the changed acidity was not the result of the irri- 
tating action of the calculi was shown by the occurrence of identical 
changes in obstructed calculus4ree gall bladders.  Infection was ruled 
out by similar reasoning. 
While it seemed quite certain from the foregoing that the gall bladder 
altered the hydrogen ion concentration of the bile, this should not be 
allowed to obscure the possibility that the acid bile found in the gall 
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as a result of damage to that organ or in an attempt to increase the 
solvent power of the bile.  The acidity of bile coming through a com- 
mon duct fistula from the liver was greatest after severe obstruction 
of the common duct, and some of this acid secretion must have entered 
the gall bladder.  In cystic duct obstruction, however, there was no 
injury to the liver and the secretion and composition of bile from the 
liver presumably was not affected.  Since the change in reaction of 
the gall bladder contents was the same in direction and degree after 
obstruction of the cystic duct as it was after common duct obstruction, 
the changes which occurred must have been accomplished by the gall 
bladder. 
No evidence is available concerning the means by which the contents 
of the gall bladder are made acid.  Absorption of material from the bile 
by this organ as shown by a decrease in solids (impublished data)  is 
one probability, while secretion by the gall bladder as reflected by the 
increased viscosity of the contents likewise may have had a part in the 
changes which occurred.  Whatever the mechanism, it  is  apparent 
that even marked pathological changes did not prevent it from func- 
tioning.  The significance of the variations in the hydrogen ion concen- 
tration of the bile remains obscure.  It is hoped that solubility studies 
now  in  their  preliminary  stages  in  this laboratory  will  assist  in 
establishing their relation to calculus formation. 
SUMMARY. 
I.  The human gall bladder acidifies the bile.  In this respect it~ 
action is similar to that of the gall bladders of lower animals, pre- 
viously described by other workers. 
2.  The hydrogen ion concentration of gall bladder bile is increased 
considerably in cases of obstruction of the common or cystic ducts. 
The highest values were found following complete obstruction. 
3.  The occurrence of gall stones was  not associated  with  a  con- 
sistent change in the hydrogen ion concentration of the gall bladder 
bile. 
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